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ION BEAM IIVIPLANTATION DISPLAY METHOD 
AND APPARATUS 

TECHNICAL FIELD 

The present invention relates to an ion beam implan 
tation system and more particularly relates to method 
and apparatus to aid in positioning an ion beam on a 
target. 

BACKGROUND ART 
One technique for doping silicon wafers is to direct a 

beam of ions to impinge upon a wafer to produce con 
trolled concentrations of doping impurities within the 
wafer. 

In medium and low current ion implanters an ion 
beam is directed across a wafer surface by x-y de?ection 
scanning of the beam in a raster or similar pattern. This 
has been done using two orthogonal pairs of electro 
static de?ection plates to produce the beam de?ections. 
Application of triangular waveform voltages to the 
de?ection plates can produce rectangular raster scan 
patterns on the wafer. U.S. Pat. No. 4,514,637 to Dyk 
stra et a1. discloses one such medium to low current ion 
implanter. The disclosure of the Dykstra et a1. patent is 
incorporated herein by reference. 

Traditional de?ection systems use a high frequency 
scan in one direction and a low frequency scan in an 
orthogonal direction to sweep across a circular semi 
conductor wafer. The relationship between the low and 
high scan frequencies is selected to produce a highly 
interlaced lissajous pattern. The scan pattern produced 
at the target is rectangular or square and includes por 
tions that overscan the circular wafer. 

Prior art ion beam scanning systems utilize visual 
displays that aid in focusing the ion beam and in center 
ing the ion beam scanning pattern about the workpiece. 
These prior art displays use signals proportional to ion 
beam current to deflect a cathode ray tube display verti 
cally as a horizontal sweep of the display is synchro 
nized with the ion beam deflection voltages. 
The square pattern generated by a combination of 

high and low frequency scan signals necessitates two 
visual displays for beam tuning and centering. One low 
frequency horizontal sweep on a ?rst display is syn 
chronized with the low frequency scan signal and a 
second high frequency horizontal sweep on a second 
display is synchronized with the high frequency scan 
signal. To achieve an optimum scan pattern with a sin 
gle display monitor a user must switch back and forth 
between the two displays. Experience with this type of 
beam tuning indicates that the display may not accu 
rately depict the shape and/or trajectory of the ion 
beam. If, for example, there is a malfunction that affects 
one display but not the other improper beam treatment 
might go unnoticed with adverse affect on dose unifor 
mity and product yields from the doped semiconductor 
wafer. 

If the user is to rely upon a visual display for beam 
focusing and centering, the display must accurately 
depict the beam scanning pattern. Prior art displays 
trigger horizontal sweeps of a cathode ray tube with the 
ion beam de?ection voltages and de?ect the CRT imag 
ing ray vertically based upon the ion beam current. It is 
‘known, however, that it takes the ion beam a certain 
time to pass from the region of the de?ection plates to 
the workpiece. To compensate for this time of ?ight lag, 
prior art systems delay the CRT sweep trigger a con 
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2 
stant time period to coordinate the beam de?ection with 
the beam current. 

DISCLOSURE OF THE INVENTION 

The present invention allows an ion beam to be more 
accurately centered on a workpiece to assure uniform 
dose and therefore high yield in the semiconductor 
devices fabricated from the workpiece. 
The apparatus of the invention includes a video dis 

play such as a conventional cathode ray tube (CRT) 
having a viewing screen and control inputs for de?ect 
ing a cathode ray in an x-y plane. Ion beam current 
impinging upon the workpiece is measured indirectly 
and converted into a beam current signal which is used 
to de?ect the CRT beam in the y or vertical direction. 
An ion beam scanning electrode causes the ion beam 

to deflect across the workpiece in a well-de?ned scan 
ning pattern. The visual display is coordinated with this 
scanning. In one particular embodiment of the invention 
a de?ection voltage generation circuit synchronizes the 
horizontal scan _of the display with vertical scanning of 
the ion beam across the workpiece. 

Since the ion beam is moving with a ?nite speed 
when it passes through the scanning electrode, it takes a 
small yet measurable time for the ion beam to pass from 
the vicinity of the electrode to the workpiece. To take 
into account this time period, a delay circuit delays the 
generation of horizontal scan CRT de?ection signals by 
an amount that takes into account this ion beam time of 
?ight. An additional factor that must be taken into ac 
count when synchronizing the visual display with the 
ion beam current is the time it takes to convert the ion 
beam current into a voltage signal to de?ect the CRT 
beam. 

In accordance with one aspect of the invention, a 
delay used to synchronize the display controls is adjust 
able. This delay can therefore be modi?ed depending 
upon the energy of the ion beam, the particular mass 
and charge of the ion used for beam treatment of the 
workpiece, and any inherent delay in the system elec 
tronics. To the applicant’s knowledge no prior art sys 
tem has taken these variables into account in an ion 
beam display system. 
Due to the particular scanning procedure utilized in 

accordance with the invention, the horizontal and verti 
cal scanning frequencies of the beam de?ection voltages 
are approximately the same. Additional details of the 
advantages of this type ion beam scanning may be ob 
tained by reference to copending patent application Ser. 
No. 911,238, now US. Pat. No. 4,796,107, entitled “Ion 
Beam Implanter Scan Control System,” to Myron, ?led 
concurrently with the present application and assigned 
to the Eaton Corporation. The disclosure of this co 
pending application is incorporated herein by reference. 
When a signal related to the ion beam current imping 

ing upon the workpiece is used as a vertical CRT beam 
de?ection control and the electrode scanning signal is 
coordinated with the horizontal sweep of a CRT beam, 
the resulting display on the cathode ray screen can be 
interpreted by the system operator and provides an 
indication of the ion beam characteristic. Speci?cally, 
this display can be used to focus the beam to center the 
beam and properly overscan the ion beam across the 
workpiece to assure correct beam dose distribution as 
the scanning electrode sweeps the ion beam across the 
wafer. 
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An off center ion beam produces a characteristic 
display signature that can be identi?ed by the user and 
corrected using controls that apply a voltage offset to 
the scanning electrodes. Thus, if in the operator’s opin 
ion, the display indicates a problem with the vertical 
displacement of the ion beam, the user can correct this 
defect by applying an offset voltage to the vertical scan 
ning electrode. 

In the particular arrangement of the invention, the 
ion beam current is continuously monitored and once 
the ion beam scans off the surface of the workpiece in its 
scanning pattern, the ion beam current goes to zero. By 
comparing this current with a reference value at appro 
priate times during the ion implantation scan, the system 
can automatically determine a misaligned ion beam. In 
accordance with another aspect of the invention, an 
audible warning is generated to supplement the user’s 
visual monitoring of the ion beam display. 
From the above it is appreciated that one object of 

the invention is an improved ion beam display for moni 
toring and controlling an ion beam implantation opera 
tion. Other objects, advantages and features of the in 
vention will become better understood by review of a 
detailed description of one embodiment of the invention 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an ion beam scanning implan 
tation system for treating a generally circular work 
piece; 
FIG. 2 is a schematic of a scanning system for con 

trollably de?ecting an ion beam away from an initial 
trajectory to scan across the circular workpiece; 
FIG. 3 shows an ion beam scanning pattern across the 

surface of a circular workpiece; 
FIGS. 4A-4D illustrate timing requirements for an 

ion beam display; 
FIGS. 5A-5C_illustrate the affects of time of flight on 

the implantation display; 
FIGS. 6A-6D illustrate display signatures of three 

off-center ion beam scans and one ion beam scan (6D) 
that is properly centered; 
FIG. 7 illustrates timing diagrams for a scanning 

electrode voltage and display control signal utilized in 
synchronizing the system display with the ion beam 
de?ection; 
FIG. 8 is a schematic of circuitry for generating x and 

y de?ection voltages for a CRT display; 
FIG. 9 shows a schematic of a scan alarm constructed 

in accordance with the invention; and 
FIGS. 10A-10J illustrate representative displays indi 

cating various ion beam conditions. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Turning now to the drawings, an ion implantation 
system 10 is illustrated having an ion source 12 for 
directing an ion beam 14 to an ion mass analyzing mag 
net 16 which bends the beam at right angles and directs 
the beam along an elongated travel path through a beam 
shutter 20 and accelerating electrodes 22. Subsequent to 
passing through the electrodes 22, the beam passes 
through a quadruple lens system 24 that focuses the 
beam. The beam 14 then passes through two pairs of 
de?ection electrodes 26, 28. Control voltages applied to 
the electrodes 26 create electric ?elds which de?ect the 
ion beam 14 from side to side and control voltages ap 
plied to the electrodes 28 de?ect the ion beam up and 
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4 
down. The de?ected ion beam is then directed to an ion 
implantation station 30 where a silicon wafer 100 is 
positioned in the beam path. By modulating the scan 
ning voltages applied to the scanning electrodes 26, 28, 
the beam 14 scans across the wafer. 
The ion implantation station 30 is located in an evacu 

ated chamber 32. Two arms 34, 36 mounted within the 
chamber 32 automatically load and unload wafers to 
and from a wafer support 38. Undoped wafers are re 
trived from a cassette 40 by a shuttle 42 which brings a 
single wafer to the vicinity of an arm 44 which moves 
the undoped wafer to an orienter 46. The orienter ro 
tates the undoped wafer to a particular crystal orienta 
tion. The arm 44 retrieves the suitably oriented wafer 
and moves it into a loading station 48 next to the evacu 
ated chamber 32. The loading station 48 closes, is 
pumped down to vacuum, and opens into the chamber 
32. The arm 34 grasps the wafer, brings it within the 
chamber and places it on the support 38 at a load/un 
load position. The support includes a mechanism to ?rst 
clamp the wafer and then pivot the wafer to a generally 
vertical orientation with a wafer surface facing the ion 
beam 14. In most systems, a small angle of tilt is inten 
tionally produced to avoid channeling affects. 
On a unload side of the chamber 32, the second arm 

36 grasps a doped wafer from the support 38, and re 
moves it from the chamber 32. An arm 62 moves the 
wafer to a shuttle 64 which automatically places the 
wafer into a second cassette 66. 

Application of suitable energization voltages to the 
de?ection electrodes 26, 28 causes the beam to de?ect 
away from its initial trajectory to scan across the verti 
cally oriented wafer. 

Turning now to FIGS. 2 and 3, a scan control system 
105 is seen coupled to the horizontal and vertical de?ec 
tion electrodes 26, 28 through a scan ampli?er 110. The 
scan ampli?er 110 includes high voltage ampli?ers cou 
pled to transformers for converting a low voltage wave 
form into a high voltage sawtooth signal to de?ect the 
ion beam 14 up and down and side to side. 
A representative scanning pattern for the ion beam 14 

is depicted in FIG. 3. Scanning begins at a point desig 
nated A in FIG. 3 and continues in a series of regularly 
spaced diagonal segments passing across the workpiece 
at an angle of approximately 45° with respect to a hori 
zontal axis. After one complete pass across the wafer 
100, the ion beam 14 is de?ected a small amount in 
comparison to the normal spacing between beam seg 
ments and reverses its path across the wafer. As seen in 
FIG. 3, the ion beam 14 spends most of its time implant 
ing the wafer and a relatively short period of time step 
ping between diagonal wafer implant scan segments. 
As disclosed in the copending and incorporated pa 

tent application entitled “Ion Beam Implanter Scan and 
Control System” the scan pattern of FIG. 3 is accom 
plished by application of two sawtooth waveforms to 
the vertical and horizontal de?ection electrodes 26, 28 
having approximately the same frequency and coordi 
nated in time by a number of scanning control circuits 
120-125. Segments of typical vertical electrode energi 
zation waveforms are shown in FIG. 7A and FIG. 9. As 
these waveforms energize the vertical electrodes 28 
coordinated waveforms are applied to the horizontal 
electrodes 26 to achieve the scanning pattern of FIG. 3. 
A beam current ampli?er 130 is coupled to a faraday 

cup sensor 132 to generate an output signal at an output 
130a corresponding to the ion beam current impinging 
upon the wafer 100. This output falls off or goes to a 
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minimum value when the ion beam 14 is no longer im 
pinging upon the workpiece and achieves a relatively 
stable maximum value as the ion beam 14 scans across 
the workpiece. As the ion beam 14 crosses an edge 
region between the wafer and its support, the ion beam 
current rapidly increases or decreases depending upon 
whether it is entering or leaving the wafer surface. 
A beam display monitor or CRT 140 is used as a 

diagnostic aid. By viewing the monitor 140, a user can 
both center the ion beam 14 along a correct travel path, 
adjust the amount of beam overscan and focus the beam 
into a correct shape that produces uniform ion implan 
tation of the workpiece. 

In accordance with a preferred embodiment of the 
invention, a horizontal sweep control of the CRT 140 is 
synchronized with an output from a vertical scan gener 
ation circuit 124 coupled to the scan ampli?er 110. A 
vertical deflection of the CRT 140 is coupled to the 
output 130:: of the beam current ampli?er 130 and pro 
duces a cathode ray tube beam de?ection proportional 
to the ion beam current impinging upon the wafer. With 
these controls, the CRT 140 produces display outputs as 
shown in FIGS. 6A-6D. 
Turning now to FIG. 6A, two ion beam scan seg 

ments 150, 152 are shown scanning across a semicon 
ductor wafer 100 in mutually orthogonal directions at 
different times during an ion implantation sequence. 
These segments are typical scan segments for a so 
called octogonal scan pattern that is somewhat different 
from the pattern of FIG. 3. The visual depiction of the 
two segments 150, 152 is seen on the monitor 140 as two 
CRT sweeps 150a, 152a that experience a transition 
approximately midway across the CRT screen. The 
beam con?guration in FIG. 6A is not properly centered 
and is experiencing too great a deflection as it passes 
through the vertical de?ection electrodes 28. This situa 
tion can be compensated by modifying a vertical offset 
voltage applied by the scan ampli?er power supply. 
FIG. 6B depicts two scan segments 160, 162 that are 

offset from the center of the wafer in a manner that 
produces the CRT sweeps 160a, 162a on the monitor 
140. In this con?guration both scan segments 160, 162 
begin the scan segment on the wafer 100 and therefore 
the ion current begins at a maximum for both CRT 
sweeps 160a, 162a and moves off the wafer 100 at ap 
proximately the same time. A third situation is illus 
trated in FIG. 6C. In this instance, each of two scan 
segments 170, 172 begins scanning off the wafer 100 and 
ends the scan segment while on the wafer to produce 
the monitor display patterns 170a, 172a of FIG. 6C. 

Finally, a correctly centered scanning pattern having 
two segments 180, 182 is shown in FIG. 6D. Each seg 
ment begins scanning from a position off the wafer 
where the ion current is at a minimum, scans uniformly 
across the wafer, and leaves the wafer surface causing 
the ion beam current to fall to its minimum value. The 
CRT sweeps 180a, 1820 form the plateau display signa 
ture of a well centered, proper amplitude de?ection. 
The waveforms in FIGS. 6A-6D depicting the ion 

beam pattern are repeated many times a second, causing 
the system operator to see waveforms from many differ 
ent scan segments (FIG. 3) at the same time. In one 
embodiment of the invention, for example, the scanning 
system 105 completes an entire scan sequence de?ned 
by approximately 4,000 points (the first few of these end 
points are designated A-Z in FIG. 3) in 65 milliseconds. 
Many segments of this so-called ?ne frame appear to be 
depicted simultaneously on the monitor 140 and the 
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6 
resultant image that the viewer or system operator ob 
serves is similar to the depictions in FIGS. 10A-10J. 
As noted above, the horizontal sweep of the monitor 

140 is synchronized with a vertical scan waveform 
(FIG. 7) that is coupled to the vertical deflection elec 
trodes 28. The vertical scan generator circuit 124 gener 
ates pulses 190, 192 that are synchronized with the be 
ginning or end of a vertical scan waveform (FIG. 7). 
These two pulses 190, 192 are schematically depicted in 
a timing diagram of FIG. 7. 
One possible beam display procedure would synchro 

nize the beginning of the horizontal CRT sweep with 
the generation of the start signal 190 and unblank the 
display. Upon receipt of the stop signal 192 the display 
would then be blanked. If the y de?ection control of the 
CRT 140 is then driven by an ion beam current signal, 
a display output is generated on the monitor 140 repre 
sentative of the ion beam con?guration. 
Such a system, however, would not take into account 

the time of ?ight of the ions as they travel from the 
vertical de?ection electrodes 28 to impact the wafer 100 
at the implantation station 30. The time of ?ight varies 
as the distance from the scan plate to the target, beam 
energy, charge, and mass of ions within the ion beam. 
The beam current must also be measured and converted 
into a voltage control which adds to the delay. This 
total time will be referred to below as the display delay. 
Turning now to FIGS. 4A-4D, two scan segments 

200, 202 traversing the wafer 100 are utilized as display 
triggers to produce the display patterns of FIGS. 4B 
and 4C. These segments conform to the type of scan 
ning segments needed to perform the FIG. 3 scanning 
sequence. In the FIG. 4C depiction no display delay is 
introduced. For the scan segment 200, the display be 
gins at point A and ends at point B. Since the beam 
sweep at point A is triggered from the de?ection volt 
age, the ion beam current has not had a chance to catch 
up with the horizontal control for the monitor 140. At 
the start of the display of FIG. 4C an ion beam current 
attributable to a previous sweep segment as the ion 
beam ends its previous sweep across the workpiece is 
depicted. 

This sequence of events is also schematically depicted 
in FIGS. 5A—5C. FIG. 5A is a time vs. voltage plot of 
the deflection voltage at points A-O. Without a display 
delay the de?ection voltage leads the ion beam signal so 
the ion beam current at time A (FIG. 5A) corresponds 
to an ion beam still crossing the wafer 100 at point A of 
FIG. 5B. On the monitor 140 this would correspond to 
a display illustrated in FIG. 4C where a non-zero ion 
beam current is depicted as the horizontal CRT sweep 
begins. To synchronize the de?ection voltage (FIG. 
5A) with beam position as evidenced by ion current 
(FIG. 5C) a display delay is inserted between the gener 
ation of the STARTV pulse 190 and the CRT horizon 
tal beam sweep. With this display delay the CRT moni 
tor displays the “plateau signature” (FIG. 4B) corre 
sponding to two properly centered correct amplitude 
scan segments. 

Circuitry 200 (FIG. 8) for instituting a delay of the 
horizontal monitor sweep is located in the multifunction 
circuit 121. The circuitry 200 takes into account the 
time of ion beam ?ight between the de?ection elec 
trodes 26, 28 and the wafer and the time needed to 
generate an output voltage corresponding to the ion 
beam current. Two inputs 210, 212 receive the start and 
stop pulses 190, 192 synchronized with the vertical scan 
voltage. These inputs are coupled to an OR gate 214 
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having an output 214a coupled to a counter 216. The 
counter 216 is programmable and is coupled to a system 
data bus 218 to allow the system circuit 122 (FIG. 2) to 
load a delay count into the counter 216. This count 
corresponds to the total display delay needed. 
The correct count varies with ion species, beam en 

ergy and beam current electronics. A computer 219 
automatically downloads the beam energy and allows 
the system operator to enter the ion species and charge 
so that the system circuit, which includes its own micro 
processor executing a computer program can calculate 
an appropriate display delay count. 
The function of the FIG. 8 circuit is to coordinate the 

generation of signals at two outputs 2000, 200b that 
produces a monitor display that accurately illustrates 
the beam shape and position on the wafer 100. One 
output 20% blanks the video monitor 140 and is coupled 
to an output of a ?ip-flop 220 that responds to an output 
from the delay counter 216. Until this ?ip-?op is trig 
gered by an output from the counter 216 the monitor 
screen is blanked as illustrated in FIG. 7. When the 
delay counter times out an output to the ?ip~flop 220 
unblanks the CRT screen and activates an AND gate 
222 causing the AND gate to pass clock signals from a 
clock input 224 originating on the clock circuit 125. 
When the gate 222 is activated a second counter 230 
begins counting up at the clock rate of the input 224 and 
generates a digital output 23011 that is converted by a 
digital-to-analog converter 240 into a horizontal sweep 
voltage at the output 200a. This steadily increasing 
output 20011 is depicted in FIG. 7 and causes the CRT 
beam to sweep at a constant rate (controlled by the 
VERCLK input 224) until the STOPV pulse 192 is 
received from the vertical scan generator 124. This 
STOPV pulse again triggers the counter 216 so that 
after the display delay times out the Flip-Flop 220 
switches state, the AND gate 222 no longer passes clock 
signals and the CRT screen is blanked at the output 
20% until the receipt of a next subsequent STARTV 
signal. 

All ion beam scan segments (FIG. 3) are not the same 
length. Shorter scan segments such as the segment 202 
of FIG. 4A are centered on the CRT monitor (see FIG. 
4B) by loading an initial count into the counter 230 for 
each segment. Thus, although the output from the digi 
tal-to-analog converter ramps upward at the same rate 
for all scan segments, the beginning and ending voltages 
vary depending on the length of the scan segment. 
The beginning count for each scan segment is stored 

in an electronically programmable read only memory 
250 coupled to the system circuit 122 by the system data 
bus 218. This allows the memory 250 to be repro 
grammed as needed based upon the con?guration of the 
scan which in turn can be reprogrammed by changing 
the contents of memories (not shown) on the vertical 
and horizontal scan generator circuits 123, 124. 
Each scan segment (200, 202 for example) has a trace 

length. In programming the memory 250 the length of a 
scan is subtracted from a maximum length segment and 
divided by two. This is the offset from which the dis 
play sweep starts the scan segment. The output from the 
digital-to-analog converter ramps up from this starting 
point at a constant rate until the screen is blanked and a 
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display sweep. 
Turning now to FIGS. 10A-10J, a number of display 

images comprising a number of what appear to be si 
multaneous display sweeps are shown. These images 
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8 
will be contrasted with each other to help in evaluating 
the diagnostic capability of the invention. A properly 
focused and centered beam such as the scan of FIG. 3 
presents an image similar to that shown in FIG. 10A. 
The beam outline is centered in the display (not 
chopped of on either side) and the loops caused by short 
scan segments are symmetric and smooth about an 
image centerline. 
FIG. 10B shows a display corresponding to a beam 

that is uncentered in the plane of the wafer. A portion of 
the beam display is chopped off on the left side and is 
similar to the situation depicted in FIG. 6B. To correct 
for this condition, the user must apply a horizontal 
offset to the horizontal scan plate 26 by operating a joy 
stick control 262 located to the side of the monitor 140. 
Side-to-side movement of this control 262 centers the 
beam on the target by adjusting an offset voltage on the 
horizontal scan power supply. Up and down'movement 
of this control 262 raises and lowers the total horizontal 
ion beam scan amplitude. 
The display of FIG. 10C is not centered vertically. 

The beam outlines are not merged into a single image 
and appear similar to the situation depicted in FIG. 6A. 
Side to side movement of a vertical control joy stick 260 
(FIG. 2) corrects this problem. Up'or down movement 
of the second control 260 adjusts the vertical scan am 
plitude. This merging of the beam outline provides for 
very accurate and repeatable vertical beam centering 
necessary for use with correction factors. 
An underscan condition is illustrated in FIG. 10D. 

This is indicated since the ion beam current does not 
reach a uniform minimum value. There is no indication 
of which control 260, 262 should be adjusted but by 
moving both joy sticks and noticing which movement 
causes the humps in the display to disappear a correct 
scan amplitude can be achieved. 
FIGS. 10E-10H indicate different displays observ 

able while focusing the beam. Two dial controls 264, 
266 are rotated to adjust beam focusing voltages cou 
pled to the quadruple lens 24. FIGS. 10E-10H repre 
sent a sequence of display con?gurations the system 
operator produces in focusing the beam. 

In the display of FIG. 10L the display picture is gen 
erally normal except that the scan amplitudes are not 
well balanced. The visual indication of this condition is ' 
the appearance of two sets of loops within the beam 
outline that do not overlie the same vertical axis. This 
condition may be corrected by operating the amplitude 
controls 260, 262 in opposite directions, i.e. increasing 
one control while decreasing the other. The object is to 
achieve a beam appearance where the loops appear to 
be aligned about a center axis. The corrected display 
corresponding to two amplitudes (horizontal and verti 
cal) of equal magnitude is depicted in FIG. 10]. 
An operator experienced with the ion implantation 

system 10 and familiar with the various beam images 
depicted in FIG. 10 can quite accurately focus, center, 
and adjust the amplitude of the ion beam to produce a 
minimum amount of beam overscan. The importance of 
centering the scan pattern on the wafer is discussed in 
the aforementioned and copending patent application to 
Myron. Brie?y, dose correction compensation occurs in 
a manner which is dependent upon the scan pattern 
being accurately centered about a wafer center and this 
dose compensation will be accurately performed only if 
the ion beam scan is centered. 

Turning now to FIG. 9, a scan alarm system 300 for 
supplementing the visual display techniques of FIG. 10 
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includes circuitry for automatically generating an audi 
ble alarm in the event the ion beam is not properly 
centered or there is not enough beam overscan. This 
circuit takes advantage of the fact that each of the 
pulses generated at a vertical scan waveform transition 
region should occur off the wafer. Stated another way, 
each of the right angle bends in the scanning pattern of 
FIG. 3 should occur at a time when the ion beam cur 
rent is at a minimum. 
The circuit of FIG. 9 monitors beam current as the 

STOPV and STARTV pulses 190, 192 occur, the dis 
play delay is added to these pulses at which time the ion 
beam current is sampled. The number of occasions in 
which the ion beam current exceeds a threshold value is 
counted. A beam current input 130a is coupled to a 
buffer ampli?er 310 having an output coupled to a non 
inverting input of a comparator amplifier 320. A refer 
ence input 325 to the comparator 320 is adjustable de 
pending upon the desired sensitivity of the scan alarm 
system. If the ion beam current causes an output voltage 
from the buffer ampli?er 310 to exceed the reference 
input 325 then the comparator 320 generates a high 
output signal at the D input to a flip ?op 330. The pulses 
190, 192, 190 etc. clock the ?ip ?op 330 so that the input 
at the D input is coupled to the ?ip-?op output Q. If the 
comparator output is high, this output clocks a pro 
grammable counter 340 programmed via the system 
data bus 218. If the number of pulses at the input to the 
counter exceeds the program threshold limit during a 
predetermined monitoring period, a scan alarm inter 
face 350 is activated and an audible alarm warns the 
operator that the beam scan needs adjustment. By ad 
justing the threshold input 325 and threshold count 
stored in the counter 340 the sensitivity to beam align 
ment can be controlled. This is important in low dose 
implantations where the gain of the beam current ampli 
?er is adjusted to be high and the system noise ap 
proaches the threshold voltage 325. 
While the present beam display and alarm system has 

been disclosed in conjunction with a circular wafer ion 
implantation system utilizing diagonal scanning across 
the wafer provided by two saw tooth waveforms, one 
for energizing a horizontal and one for energizing a 
vertical electrode, the display delay and alarm systems 
have application in other systems. One important ad 
vantage of the system, however, occurs through the use 
of a diagonal scan created using horizontal and vertical 
sawtooth waveforms of about the same frequency. Both 
the horizontal and vertical de?ection voltages can be 
diagnosed by viewing a single viewing monitor. This 
advantage is unavailable when using two scanning 
waveforms having frequencies of greatly dissimilar 
value. 
Although the invention has been described with a 

degree of particularity, it is the intent that the invention 
include all modi?cations and all alterations falling 
within the spirit or scope of the appended claims. 

I claim: . 

1. A method of controlling an ion beam for ion im 
plantation of a workpiece comprising the steps of: 

directing an ion beam through sets of scanning elec 
trodes, a ?rst set of electrodes to de?ect the ion 
beam in a ?rst direction and a second set of elec 
trodes to de?ect the beam in a second direction 
orthogonal to the ?rst direction; 

simultaneously energizing each set of scanning elec 
trodes with ?rst and second de?ecting voltages to 
cause the ion beam to sweep over the workpiece; 
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10 
coordinating the frequency and amplitude of said 

de?ecting voltages to cause said beam to scan 
across all regions of said workpiece; 

generating a signal related to the ion beam current 
striking said workpiece; 

triggering a sweep of an imaging ray across a screen 
by coordinating the sweep with one of said ?rst 
and second de?ecting voltages and depicting said 
beam current on said screen as said ray sweeps 
across the screen to create a single beam character 
izing image on the screen; and 

adjusting the trajectory of the ion beam to cause said 
beam characterizing image to conform to a desired 
shape. 

2. The method of claim 1 wherein the ?rst and second 
de?ecting voltages form sawtooth waveforms of ap 
proximately the same frequency. 

3. The method of claim 1 comprising the additional 
step of generating a warning if the ion beam is not prop 
erly scanning the workpiece. 

4. The method of claim 3 wherein the warning is 
generated by comparing the ion beam current with 
expected beam currents at different times during the ion 
beam treatment of said workpiece. 

5. A scan alarm for use with an ion beam implantation 
system comprising: 

ion beam sensing means for monitoring ion beam 
current impinging on a target; 

scanning means for de?ecting the ion beam in a con 
trolled pattern, said pattern including predeter 
mined excursions of ‘the ion beam off a surface of 
said target; 

timing means to generate timing signals coordinated 
with the predetermined excursions of said beam off 
said target; 

comparator means to compare sensed ion beam cur 
rent at intervals coordinated with the timing signals 
and expected beam current during said predeter 
mined excursions; and 

alarm means coupled to the comparator means to 
alert a system operator of a discreparcy between 
sensed ion beam current and expected beam cur 
rent. 

6. The scan alarm of claim 5 wherein the comparator 
means comprises a comparing ampli?er, a pulse gener 
ating means and a counter, said comparing ampli?er to 
compare the output of the ion beam sensing means to a 
reference voltage, said pulse generating means coupled 
to the output of the comparing ampli?er and the timing 
signal generated by the timing means, and said counter 
to count the pulses generated by the pulse generating 
means. 

7. The scan alarm of claim 8 wherein the pulse gener 
ating means comprises a D ?ip-?op. 

8. Apparatus for use with an ion bean scanning sys 
tem to treat a workpiece, said apparatus comprising: ’ 

video display means having a viewing screen and 
controls for creating an image on the viewing 
screen, said controls including ?rst and second 
display inputs for controllably de?ecting an imag 
ing ray across said screen; 

ion beam measuring means for measuring ion beam 
current and coupling a beam current signal to said 
?rst display input; 

ion beam scanning means to controllably deflect the 
ion beam away from an initial trajectory to sweep 
a workpiece surface; 
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timing means coordinated with the ion beam scanning 
means to create timing signals coordinated with the 
deflection of the ion beam; 

sweep generator means responsive to said timing 
signals to create a sweep signal coupled to said 
second display input; 

delay means interposed between the sweep generator 
and the timing means to delay the sweep signal by 
an amount related to a time of ?ight of said ion 
beam between the ion beam scanning means and 
the workpiece; and 

correcting means for centering the beam characteriz 
ing image of scan segments of unequal length on 
the screen, said correcting means including adding 
means for superposing a voltage ?xed with respect 
to the length of each scan segment onto the timing 
signal coordinated with the de?ection of the ion 
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beam, said adding means interposed between said 
timing means and said second display input. 

9. The apparatus of claim 8, wherein: 
said sweep generator comprises a counter, a clock 

and a digital-to-analog converter, said digital-to 
analog converter having an output coupled to said 
second display input; 

said counter is enabled by said delay means and 
clocked at a constant rate by the clock to generate 
said sweep signal; and 

said counter is reprogrammed for each scan segment 
with an initial count related to one-half the differ 
ence between the length of the scan segment and 
the length of the maximum length segment. 

10. The apparatus of claim 8 including control means 
for adjusting or correcting the delay time of the delay 
means depending on ion species or beam energy. 
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